The shape of a premature ventricular complex (PVC) might reflect the presence or absence of myocardial disease. To test this, 100 patients with a PVC on a 12-lead electrocardiogram at cardiac catheterization or nuclear angiography were classified according to PVC morphology. Group 1 (n=50) had PVC QRS complexes with either smooth and uninterrupted contour or with narrow (<40 msec) notching. Group 2 (n=50) demonstrated PVC with broad (.40 msec) notching or shelves. Clinical, electrocardiographic and angiographic variables were assessed to define group differences. All patients had one or more etiological forms of heart disease none of which distinguished either group. Groups 1 and 2 differed with respect to a history of congestive heart failure (12% vs. 66%, p=0.0004), dilated cardiomyopathy (2% vs. 38%, p =0.0005), and the presence of mitral regurgitation (13% vs. 58%, p =0.001), respectively. In group 1, 45 of 50 (90%) patients with a PVC had no notching. Patients in group 2 had greater PVC QRS duration as compared with patients in group 1 (181± 6 vs. 134 ±3 msec, p =0.0001). End-diastolic volume index (EDVI) (78±3 vs. 139±+11 ml/m2,p=0.0000) and ejection fraction (EF) (0.59±0.02 vs. 0.34 +0.03, p=0.0000) significantly discriminated between group 1 and 2, respectively. By defining left ventricular structure and function as EDVI less than or equal to 90 ml/m2 or greater than 90 ml/m2 and EF equal to or greater than 0.50 or less than 0.50, sensitivity was 92% and specificity was 80% for PVC morphology. We conclude that a broadly notched PVC of long duration (.160 msec) is a simple and reliable 12-lead electrocardiographic marker for a dilated and globally hypokinetic left ventricle in a nonspecifically diseased heart while a PVC with smooth contour or narrow notching with short duration (<160 msec) reflects a normal size heart with normal or near-normal systolic function despite the presence of underlying disease. (Circulation 1990;81:1245- 
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As shown in Table 3 , no significant differences were observed between the two groups regarding the Ventricular volumes corrected to body surface area were significantly larger in patients with the type II PVC. EDVI was 78+5 ml/m2 in group 1 as compared with 139±10 ml/m2 in group 2 (p=0.0001), whereas ESVI was 34±2 ml/m2 as compared with 98±10 ml/m2 (p=0.0001) in groups 1 and 2, respectively.
EF also differed significantly with a mean value of 0.59±0.03 in group 1 as compared with 0.35±0.04 in group 2 (p=0.0001); 66% of patients in group 2 had an EF less than 0.40.
The relations of EDVI and ESVI to EF are illustrated in two scatterplots ( Figure 4 ). The separate distributions of the two groups (open vs. closed circles) emphasizes the importance of both left ventricular size and function as discriminating variables. Analysis of the coronary arteriograms revealed no significant group differences when considering the presence or absence of coronary artery disease (CAD). CAD was present in 24 of 42 patients (57%) from group 1 and in 24 of 36 patients (67%) from group 2 (p=0.6). As shown in Table 5 , however, there seemed to be a trend for group 2 to contain a larger proportion of patients with more severe CAD and a smaller proportion of patients with less severe CAD as compared with group 1; three-vessel disease was found in 14 of 36 (39%) patients from group 2 as compared with six of 42 (14%) patients from group 1 
Sensitivity and Specificity
Examination of all variables showing significant differences between groups reveals that those variables representing indices of left ventricular size and global left ventricular function best distinguish between the two groups of patients. Accordingly, it was felt that the appropriate criteria defining these characteristics should include both EDVI (> or c90 ml/m2) and EF (< or .0.5). Figure 5 shows that in patients with type I PVCs, 33 had both criteria within normal limits and only three had criteria that were both abnormal. In seven patients, discordant criteria were present, and in another seven patients, data was incomplete. In patients exhibiting a type II PVC, both criteria were abnormal in 34 patients, whereas both criteria were normal in eight patients. There were discordant criteria in four patients and incomplete data in another four patients. Thus, sensitivity was measured at 92%, and specificity was measured at 80%. Overall, accuracy was measured at 86%. When the criteria were redefined by substituting ESVI (> or .40 ml/m2) for EDVI, sensitivity decreased to 87% but specificity increased to 82%. To ascertain the importance of PVC QRS duration, the patient database was sorted to control for this variable instead of morphology, and sensitivity decreased from 92% to 84%. Other than PVC morphology and duration, the only electrocardiographic feature that provided discriminating information was the duration of sinusconducted QRS complexes. This might reflect the same disturbance in conduction responsible for the wide and notched PVC as is herein discussed.
Reference to electrocardiographic markers of cardiac enlargement with coexisting impaired systolic function is rare in the literature. In two reports, the suggested electrocardiographic signs either lacked sensitivity5 or neither sensitivity nor specificity were determined.6 Other work on the subject has suggested that there are no reliable electrocardiographic signs in congestive heart failure7 or cardiomyopathy.89 We found the simple attribute of PVC morphology to provide relatively high sensitivity and specificity. Linked to the morphological feature is the importance of duration of the PVC QRS complex: no patient in group 1 had a duration longer than 160 msec. In only four patients from group 2 was duration shorter than 160 msec; however, all had global hypokinesis, and two had an EDVI greater than 90 ml/ni2 with an EF less than 0.50. Although a lower sensitivity was found when the database was sorted to control for PVC QRS duration, it is possible that PVC QRS morphology and duration are pathogenetically similar. The data suggest that the inclusion of PVC QRS duration with the morphology criteria will help minimize the number of false positives. The 160-msec cutoffvalue for PVC duration used to distinguish the PVC types was chosen by determining the midpoint between the means for both groups because these data are normally distributed.
There are several limitations of this study. First, because all PVC were spontaneous and captured during the recording of a standard 12-lead electrocardiogram, there was no opportunity to examine PVC morphology in all 12 leads simultaneously. For example, had more leads been available for analysis of the three false-negative patients, the sensitivity of the test might have improved beyond 92%. The reliability of the type II morphology as a manifestation of an "abnormal" ectopic excitation process is reflected by the fact that approximately three of four leads displaying a PVC in group 2 readily met the type II criteria, which required that only one lead demonstrate wide notching. The finding that the type II morphology was not demonstrable in all leads containing a PVC is not surprising because the scalar representation of the excitation process depends, in part, on lead orientation. Thus, the provision of three simultaneously recorded leads in conventional ECGs minimizes the chance of a missed notch or shelf if there is only one lead available. Second, the occurrence of multiformity cannot be excluded with certainty because multiple PVCs on a given ECG were recorded in different leads. Another limitation results from the fact that all patients in the study were referred for evaluation of known or suspected heart disease. Accordingly, patients without heart disease but in whom PVC exist were not evaluated. Precise anatomic and electrophysiological explanations for an exceptionally wide and distorted PVC are not available; however, Ferrans et a110 suggest that dilation of the T-system and the presence of fibrillar material within the lumen of the T-tubules might somehow interfere with the conduction of the impulse from the cell surface through the T-system into the depths of the cell. If sodium conductance is impaired because of the altered microanatomy, dV/ dt.,, and, consequently, global intraventricular conduction velocity might be altered. Whether these changes are the consequence of a long-term mechanical overload state or the direct result of an unknown initiating agent is unknown and invites further investigation. Another factor might relate to the effect of diffuse interstitial collagen accumulation on the integrity of cell-to-cell communication by desmosomes. The role of myofiber orientation is uncertain because this feature seems relatively undisturbed in patients with idiopathic dilated cardiomyopathy.10 It is conceivable, however, that the conditions governing anisotropic conduction are altered in such a way that longitudinal conduction dominates, resulting in a more unfavorable safety factor for propagation throughout regions of the ventricles. The relatively slower transverse propagation might become exaggerated because of diffusely impaired continuity between adjacent myofibers or myofibrillar bundles. Finally, the longer path length traversed by the ectopic impulse in dilated hearts with increased mass would result in longer total ventricular activation time and wider PVC QRS duration.
The net effect of globally impaired ventricular conduction on the morphology of a PVC might be to permit the vectorial representations of different regions of the heart undergoing ectopic excitation to manifest with greater asynchrony than would have occurred if conduction were less impeded. Hence, there are the broad notches, analogous to the asynchronous activation characterizing the patterns in bundle branch block. The same process could explain the wider sinus-conducted QRS duration but, because of the role played by the His-Purkinje system in rapidly and uniformly distributing the impulse to both ventricles, total ventricular activation time is shorter and the result is smaller notches if the frequency response of the recorder is high enough. This is consistent with the observations of Flowers and Horanll who found that the greatest diagnostic accuracy of sinus QRS notching seen in high-frequency ECGs was in the detection of biventricular enlargement, a population in which it is unusual to find normal EFs. Given a frequency-response upper limit of 100 Hz in conventional electrocardiographs, the result is a more "smoothed" QRS of greater duration.
The clinical value of distinguishing between the type I and II PVC can be as an inexpensive and noninvasive means of risk stratifying patients early during the initial evaluation period when used in conjunction with the history and physical examination. It can also serve to prompt additional caution when contemplating the use of drugs that significantly impair ventricular function, including certain antiarrhythmic agents. In this regard, care must be used when interpreting PVC morphology in patients undergoing therapy with sodium channel blocking drugs, especially class IC agents. Finally, it is of interest whether selective high-resolution electrocardiographic recordings of the two types of premature ventricular complexes might disclose differential vulnerability to sustained ventricular arrhythmias or to proarrhythmic consequences when using sodium channel blocking agents.
